This European study involving seven genetic centres from six countries -Aberdeen, Cardiff (UK), Leiden (Netherlands), Leuven (Belgium), Paris (France), Rome (Italy), Athens (Greece) has gathered information on prenatal testing by direct mutation analysis and exclusion testing for Huntington's disease (HD) from the six European countries during the period 1993 -1998. Data describing the parent belonging to the HD family was collected; this included their sex and age as well as their risk of developing HD. Information about previous pregnancies, the rank of the pregnancy being tested and its outcome was also gathered. In addition the number of previous prenatal tests for HD was recorded. Three hundred and five results were recorded by the participating countries between 1993 and 1998. The largest groups came from the UK (157) and the Netherlands (90). The mean age for the parent from the HD family was 30.8 years. In half of the tests the prospective parent was an asymptomatic gene carrier, 42% remained at risk, and 6% of the prospective parents were already showing clinical features of HD. 65% of tests performed used mutation analysis.
Introduction
Huntington's disease (HD) is an autosomal dominant, adult onset, neurodegenerative disease for which there is no cure. Clinical features include an involuntary, usually choreiform movement disorder, cognitive decline, personality change and psychiatric disease. Mean age of onset is 40 years but this is variable, and symptoms can be present for 20 years before death. 1 The mutation responsible for HD is an expanded trinucleotide (CAG) repeat in the huntingtin gene on chromosome 4.
2 Presymptomatic predictive testing and prenatal testing have been possible since 1993 by direct mutation analysis. Using linkage analysis it is also possible to perform exclusion testing so that the chromosome 4 at 50% risk can be identified as present in the foetus or not. This allows an individual to have children who will not have inherited the disease, even if the parent does not wish their own status to be defined. Using this method means that pregnancies that are not at risk may be terminated. Given the technical feasibility of prenatal testing in HD, and the severity of the disorder, it might be expected that prenatal diagnosis would be frequently requested. However, many couples express their anxiety about having any children at all, since they do not wish any child of theirs to grow up with an affected parent, even if it were known that the child would not be at risk because of antenatal testing. These individuals may have grown up in a family where alcoholism, suicide, and marital discord -including divorce -are common. Despite the low uptake of prenatal testing, there is data 8 -13 from many centres describing individuals who undergo presymptomatic predictive testing for HD which gives family planning as a major reason for undergoing such a test. This paper describes the data gathered as part of a European Commission funded project (BIOMED project No ERB BMH4-CT98-3926) concerning those who undertake prenatal testing in Huntington's disease, and how often. These data were gathered as part of a multidisciplinary study into the psychosocial, ethical and legal complexities of prenatal testing for this late onset disease. Another part of the European collaborative study describes the reproductive choices of those who undertook predictive testing. 10 
Methods
Collaborators from seven genetic centres in six European countries -Aberdeen and Cardiff (UK), Leiden (Netherlands), Leuven (Belgium), Paris (France), Rome (Italy), Athens (Greece), gathered information on all prenatal tests for HD by direct mutation analysis and exclusion testing during the period 1993 -1998 in the six countries.
Information about the date of the test, sex of parent at risk, the status of the prospective parent, the age, education and marital status of the prospective parents, the rank of the pregnancy, information about previous pregnancies, and the type and result of the prenatal test was requested. Since the data were collected for each test performed, information about the characteristics of the couple is included more than once if that couple had more than one prenatal test.
All questionnaires were completed by the clinicians (mainly clinical geneticists or psychologists) that dealt with the families, and these were sent to the co-ordinating centre in Leuven where the data were analysed. All data were anonymised before being sent to the co-ordinating centre, to ensure confidentiality.
Results
Description of prenatal tests for the period 1993 -1998 A total of 305 prenatal tests were performed (Table 1) in the six countries between 1993 and 1998. In Italy two of the tests were initially performed using exclusion testing, but when the risk of 50% was produced for the foetus, direct testing was undertaken.
The mean age of the prospective parent was 30.8 years, with a range of 17 -41 years (n=167). 53.9% of the prospective parents were female (n=191) ( Table 2 ). The mean age of the partner (where this was available) was 31.5, and the range was 20 -42 years (n=133). Forty-eight per cent of all tests were performed in the context of a stable relationship. The status of another 48% of the relationships was unknown and 4% of the tests were performed in women *In Italy two of the tests were initially performed using exclusion testing, but when the risk of 50% was produced for the foetus, direct testing was undertaken. who were not in a stable relationship. The educational status of the couple was often unreported, and therefore it is not discussed further in this paper.
In 51% of the cases, the prospective parent was an asymptomatic carrier of the mutation for HD, in 42% the parent remained at risk, and in 6% the parent showed clinical features of HD. In 1% of cases the parent had an intermediate allele (Table 3 ).
In the six countries, 65% of prenatal tests were performed by mutation analysis, and in 78% of these cases, the prospective parent was known to have the mutation, but was asymptomatic. Eight per cent of the prenatal tests by mutation analysis were performed in couples where the parent belonging to the HD family was symptomatic of HD. Two per cent of the tests involved an intermediate allele, and interestingly, 12% of the tests were performed in those who were still at risk, that is their status had not been defined. The majority of those who remained at risk for HD chose to undergo exclusion testing (Table 4) .
In 43% (131) of the total cases the result was unfavourable. Eight of these pregnancies were continued. Six of these eight prenatal results were produced by direct mutation analysis, and therefore a presymptomatic predictive test result is available for these children.
Discussion
The data presented have been gathered from six countries. It was not always possible to gather complete information about total numbers of tests for each country as a few centres in those six countries did not participate in the study; Greece, the Netherlands and the UK are the exceptions to this.
When we compare the uptake for prenatal testing for HD in the six European countries described, the data show clearly that less prenatal tests for HD were performed in France, and almost none in Greece, in the period 1993 -1998. These centres also have fewer predictive tests than others in the study. There is no data to explain this phenomenon.
Other centres have reported their experience of prenatal testing in those at risk of HD. Simpson 5 noted that despite earlier work that had suggested that uptake would be greater, the number of prenatal tests in the UK was low compared with presymptomatic predictive tests. A total of 2937 7 predictive tests have been performed in the UK up to the end of 1997, 2502 based on specific mutation testing, feasible since 1993. Almost all presymptomatic and prenatal tests are carried out in National Health Service genetics centres, using a defined genetic counselling protocol and with availability now in all regions of the UK. As a result, the data are believed to be very accurate. The trend in test numbers has currently levelled out at around 500 per year. In contrast, 146 antenatal tests were performed in the 5 years 1994 -1998, with a range of 15 -37 each year. Maat-Kievit 14 described the experience in the Netherlands in prenatal testing in HD from 1987 -1997 (although the first test was requested in 1989). This paper also describes a low uptake of prenatal testing for HD, 2% of at risk individuals, and 11% of carriers of the mutation chose prenatal testing in the period described. In addition, in 3% of the cases, mutation analysis was used in pregnancies where the status of the parent had not yet been defined. Forty-three per cent of the total tests were by exclusion testing, although use of this method had decreased in proportion to mutation analysis since the discovery of the mutation for HD in 1993. Based on the data produced by the seven genetic centres participating in this European collaborative study, an estimation of the ratio (number of prenatal tests)/(number of predictive tests) until the end of 1998 has been made. It revealed that the number of prenatal tests was less than 10% of the number of predictive tests in a comparable period.
The low uptake of prenatal testing in those who are known to carry the mutation, may be partly explained by the fact that many people who undergo predictive testing for HD are in their thirties, and already have at least one child. They may have completed their families, or choose not to have further children who then would have different risks of developing the disease.
Exclusion testing remains a valuable tool for couples who do not wish to define their own risk, but none the less wish to have children who will not develop Huntington's disease. In this series, 34.8% of the tests were exclusion tests. Data is not available to discuss this, although personal communication (Simpson, 2002) would suggest that there is a group of those at risk for HD who could not tolerate knowing their own status, but are committed to having children who will not develop the disease. In some cases, couples at risk chose to have their pregnancies investigated by mutation analysis, even though the prospective parent remained at risk at the time of the test. The available data did not allow further analysis of this phenomenon, though the centres concerned all used recognised guidelines for testing, 15 and the couples were all fully informed about the possible consequences of such a decision. One reason for taking such an action is that individuals do not wish to terminate a pregnancy which may not be at risk, and therefore chose not to use exclusion testing, preferring instead to take the chance of finding out their own status during antenatal testing. The trauma associated with termination of any pregnancy is considerable. Tolmie described a group of UK families who had difficulty with their decision to terminate an at risk pregnancy following exclusion testing. 16 Three out of nine high-risk pregnancies were continued. Clarke 17 demonstrated the problems associated with cases where an unfavourable result is produced, but the pregnancy continues. Children will grow up knowing their status, having been denied making that choice for themselves. In addition the prejudices of their parents and those of society can be expected to be disadvantageous for them. In common with other reports, 5, 14 this study has shown a greater number of women at risk who choose prenatal testing. This has not been investigated in this study, but it has been suggested 14 that men are less likely to make this decision since they do not wish to burden their wives who have to undergo the tests themselves. Women may also be more involved in reproductive decision making than their partners. 6 Few other options are available to the couples who wish to have children but do not wish to have prenatal testing. For example, egg or sperm donation is available in some centres, although some couples have denied use of this method because of their risk of developing HD (Simpson, personal communication) . Couples who have attempted to adopt or foster have also had considerable difficulties because of the at risk status of one of the partners. 18, 19 It is now becoming possible to offer preimplantation diagnosis to couples who do not wish investigation of an established pregnancy. This technique is offered at only a few centres in the world, and is not easily available to most couples. Moreover, the baby take home rate remains low. 20 -24 There are no data from these techniques in this study, which focussed on prenatal testing during the first trimester of pregnancy. This European study confirmed that the number of presymptomatic predictive tests for HD far exceeds that for prenatal testing. None the less, for those who use prenatal testing, it is clearly an important tool, and they are committed to it.
There has been debate about whether it is ethical to use prenatal testing in HD. 25 In the countries and centres described in this paper, genetic counselling and psychological support is provided to couples who are first fully informed about the nature and consequences of the testing procedure before they take this important decision. Despite a comparatively low uptake of the procedure, it remains important to offer choice and support to couples who are at risk of HD, and wish to have children.
